INTRODUCTION
The number of extinct cattle breeds throughout the world is 184, endangered 67 and endangered-maintained 54 (FAO 2015) . Most of endangered breeds are specialized in a particular habit or production system and represent, in both developed and developing countries, a unique genetic resource to meet present and future breeding objectives (MEDUGORAC et al., 2009) . Characterization of genetic resources of domestic animals includes all activities related to the identification of qualitative and quantitative traits, collecting information on races and populations, their habitats and production systems. Based on the genetic characterization of the autochthonous breeds (populations) can be defined and planned appropriate sustainable and conservation programs. Busha and Gatacko cattle are autochthonous cattle breeds from Bosnia and Herzegovina. Busha is a small size cattle with poor production characteristics, but with excellent adaptation to harsh climatic conditions and their resistance to diseases. Busha is an autochthonous cattle breed of the Balkans, which survives in small, highly endangered populations. Today, Busha from Bosnia and Herzegovina inhabits on two areas, foremost is the western Herzegovina where it lives in the Centre for the protection and preservation of the domestic breed, in the area of Široki Brijeg. Second, is located within the various individual households in the area of Berkovići (eastern Herzegovina) which is characterized by better conditions for breeding. Gatacko cattle is the mongrel of the Tyrolean Grey cattle and the autochthonous Busha. Historically, important role in cattle production in this area is attributed to the Austro-Hungarian empire. Upon invitation of the Bosnian government, a stock expert Leopold Adametz suggested a planned crossing of Busha with the purebred foreign breeds (Pinzauger, Montafon and Tyrolean Grey) in order to get a crossbred that would have better exterior and producing characteristics (ILANČIĆ, 1952) . As the result of the planned breeding process in Herzegovina originated cattle named Gatacko cattle, which gave the best results in productivity and resilience. Gatacko cattle is widespread in eastern Herzegovina and it is the most frequently breed in the total cattle production of eastern Herzegovina. Today, Gatacko cattle have medium production characteristics with average milk production about 3700-3800 kg per lactation (ROGIĆ, 2012) . The average values of the external measures among named breeds (withers height, body length, chest circumference and cannon circumference) is the highest in the Gatacko cattle, followed by the Busha from eastern Herzegovina and the lowest in the Busha from western Herzegovina. A pair-wise comparisons of the average values for all of the three groups showed that there is a significant difference in the external measurements (ROGIĆ et al., 2011a) .
It is expected that the studies of genetic diversity and structure of the contemporary cattle populations using molecular markers provide implications for revealing breeding practices implemented in the past, and for the conservation and utilization of genetic resources planned in the future (LI et al. 2007) . Microsatellites have been widely used to analyze the genetic diversity and population structure of many traditional cattle breeds, including European unselected breeds (MEDUGORAC et al., 2009 ), Croatian (KEROS et al., 2013 , Slovenian (SIMČIĆ et al., 2008) , Spanish (MARTIN-BURRIEL et al., 2007) , Indonesian (SUTARNO et al., 2015) , Latin-American (DELGADO et al., 2011), Indian (DEPIKA and SALAR, 2014) and Zebu cattle (HUSSEIN et al., 2015; CHAUDHARI et al.,2009) . This approach has also been successfully used to analyze the genetic diversity in other traditional livestock species, such sheep (ĆURKOVIĆ et al., 2016) , dogs (DIMITRIJEVIĆ et al., 2013) , horses (ACHMANN et al., 2004) . Some genetically characterization of Busha from Bosnia and Herzegovina have already reported (ROGIĆ et al., 2011b) . There is no data for Gatacko cattle. This work is actually a continuation of research in order to genetically characterize autochthonous breeds from Bosnia and Herzegovina, with modern software packages to determine genetic diversity and structure. The aim of this study was to analyze: (I) genetic variability and population structure, and (II) genetic differentiation and relationships between Gatacko cattle and Busha cattle from Bosnia and Herzegovina, using microsatellites.
MATERIAL AND METHODS Blood samples were collected from 100 animals by jugular vein puncture, using Vacutainer blood collection tubes treated with 0.25% ethylene diamine tetra acetic (EDTA) as an anticoagulant. All animals were divided into three groups. The first group included 50 individuals of Gatacko cattle (GC) cows from the Agriculture complex in Gacko town area, the second group included 26 Busha cattle from the area of the eastern Herzegovina (BEH) located within the various individual households in the area of Berkovići, and the third group included 24 Busha cattle from western Herzegovina (BWH) living in the Centre for the protection and preservation of the domestic breed, in the area of Široki Brijeg. Genomic DNA from total blood was extracted using DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA) according to the manufacturer's instructions and kept frozen at -20°C until further processing.
Twenty-one microsatellites, recommended by the International Society for Animal Genetics (ISAG), were used for evaluation of genetic diversity. Amplified PCR products were analyzed with ABO 3100 sequencer (Applied Biosystems, Foster City, CA). The number of different alleles and their frequencies, observed and expected heterozygosity values, deviations from Hardy Weinberg equilibrium (HWE), deviations from linkage equilibrium (LE), genotype assignment test, analysis of molecular variance (AMOVA) and pairwise genetic distances among the groups (FST) were calculated using ARLEQUIN 3.5.1.2 (Excoffier and Lischer 2010). The significance level for multiple comparisons was modified using Bonferroni correction (Rice, 1989) . The polymorphism information content (PIC) were calculated using GENPOPO 3.4 (RAYMOND and ROUSSET, 1995) . RESULTS In the present study genetic diversity of autochthonous cattle breeds of Bosnia and Herzegovina and their pairwise relationships were assessed using microsatellite markers. The number of alleles per locus ranged from 2 (ILSTS005) to 12 (TGLA053), with an average value for a total sample of 7.9 (Table 1 ). All markers were found to be polymorphic in all three analyzed groups. Average values for all three populations indicated that locus TGLA053 was found to be the most informative marker for this population, because it showed the highest PIC value (0.857) an also the highest average number of alleles (9.33). The lowest PIC value (0.371) was detected at the ILSTS005 loci which is in accordance with the low average number of alleles (2.67).
Populations of Busha cattle showed the lower values of parameters number of alleles and heterozygosity than Gatacko cattle (Table 2) . Gatacko cattle showed the highest number of average alleles (6.43), followed by BWH (5.47) and BEH with the lowest number (5.43).
Observed heterozygosity ranged from 0.634 (BWH) to 0.688 (GC) and confirmed the remarkable level of diversity in the studied populations (Table 1 ). In populations of Gatacko cattle expected heterozygosity ranged from 0.368 (SPS115) to 0.844 (TGLA053) with an average value of 0.659. Busha from eastern Herzegovina had the highest expected heterozygosity, ranged from 0.466 (ETH3) to 0.816 (BM2113), with an average value 0.689. Busha from western Herzegovina had the lowest expected heterozygosity, ranged from 0.274 (ILSTS006) to 0.838 (BM2113) with an average value 0.63. Considering all cattle groups, the majority of the markers were in HWE, except locus BM 1824 and INRA35 in GC group, BM 2113 in BEH group, and ETH 3 and INRA 35 in BWH group which had deviation from HWE (p<0.05). Likelihood of individual genotypes in all populations showed that only one individual from GC group is not well assigned. Test for linkage disequilibrium between all loci pairs was conducted for each cattle group separately. Out of 441 locus pair/group combinations, the tests resulted in 148 in GC, 112 in BEH and 96 in BWH group significant deviation from the LE (p<0.05) outcomes. The highest Fst was found between GC and BWH , subsequently between BEH and BWH, and the lowest Fst was found between GC and BEH ( Table 2 ). All three values were statistically significant, indicating significant differentiation among all three groups. The AMOVA indicated higher intragroup (88.91%) than intergroup (11.09%) variability, with statistically significant intergroup percentage of variation (p<0.05). 
SPS115
GG BEH BWH considered to be endangered due to registered population decline, which is not a case with Gatacko cattle. All microsatellite loci used in this research showed ample polymorphism for evaluating within breed genetic variability and exploring genetic differences between breeds. Locus TGLA122 showed the highest number of alleles (14) as was the case in the study of genetic diversity of European cattle, Eurasian and Near Eastern cattle (MEDUGORAC et al., 2009; LI et al., 2007; KEROS et al., 2013) . According to LI et al. (2007) the lowest number of alleles was found for locus ILSTS005, which is in accordance with our results. The mean number of alleles across all the loci was 7.9 and was higher than in other traditional cattle from neighboring countries like Croatia, FYRO Macedonia, Albania, Serbia and Slovenia (MEDUGORAC et al., 2009; LI et al., 2007; SIMČIĆ et al., 2008) . Higher allelic diversity than in our studied populations have been reported in Anatolian Black, Illyrian Mountain and Red Metohian Busha (MEDUGORAC et al., 2009) , and Croatian Podolian cattle (KEROS et al., 2013) . Estimates of observed heterozygosity ranged from 0.34 to 0.687 and were similar to values estimated for other traditional European cattle breeds. MEDUGORAC et al. (2009) analyzed genetic variability of six Busha populations from the Balkan region and showed that the average observed heterozygosity ranged from 0.650-0.708. Similar values were found in Busha (0.652) and Podolian cattle (0.613) from Serbia (LI et al., 2007) .
This study revealed significant genetic differentiation among three cattle groups. Pairwise genetic differentiations quantified by Fst value showed statistically significant differences. These differences are in coordinance with the significant differences in the external measures reported by ROGIĆ et al. (2011) . Significant genetic differentiation between Gatacko cattle and Busha is in coordinance with report of MEDUGORAC et al. (2009) , who found that Gatacko cattle (or Gacko Grey Busha) are in intermediate position between Tyrolean Grey and Busha breeds from the Balkan neighbouring countries. CONCLUSION Our results represent the first report of genetic differentiations between Busha and Gatacko cattle from Bosnia and Herzegovina. The results of this study indicate that during the past century and breeding Gatacko cattle led to a significant genetic differentiation between Gatacko cattle and their founders (Busha and Tyrolean Grey cattle). This work contributes the characterization of genetic resources of autochthonous cattle breed from Bosnia and Herzegovina. The obtained values of the parameters of genetic heterogeneity indicate a high and preserved genetic variability of the Busha and Gatacko cattle. Furthermore, new modern methods which allow the application of genomic selection most successfully in cattle should be applied in future research. SNPs are currently used for massive genotyping and has proven to be useful to genetically characterize populations of domestic cattle and to assess their degree of divergence. However, genetic characterization of Busha and Gatacko cattle using microsatellites represent a valuable information and high genetic diversity in Busha and Gatacko cattle together with described qualitative traits should be considered in further conservation and breeding strategies.
The obtained results indicate a need for further study of populations of Gatacko cattle, and its genetic, productive and reproductive parameters, to define an appropriate breeding program. Also, the obtained results are applicable in the field of conservation genetics, and protection of the genetic potential of autochthonous Busha breed, according to FAO recommendations.
